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It is cn]y recentTy that the m111tarﬁ \has accepted tra1n1ng in the
flight simulator as a substitute fbr training in the aircraft.. A mcst com=,
pelling reason fcr this acceptance has been the fuel crisis. The emphasis 7
on. fuel ecoromy as reflected in a United States Department of Defense plan- k|
ning. gcal, callipg for.a 25 percent -reduction in hours flown by FY ‘1981, has i 3
. intensified the interest in the ccst{:avings’asioc1atcd with. simulator 5ub— : [

" stitution practices. However, this {s not the whole story. Additionally,."
Eub5t1tut16ﬁ 1nc1udc the Fc]]cw1ng
. Substantive eng 1ncer1ng advanccs in s1mu13t1on techng 1ogy are
.- réflected inircreasing design sopHistication; e. .., f1de11ty of
visual and motion. systems, 1n5tructiona1 control, and in the
dynam1cs and control rcspcns1venes& of the 51mu1atcrs !

’:é Ga1ns in the strateg1c5 QF tra1n1ng have shaped new and 1mpre551vc
S '-uti]1zat1on conccpts fcr f11ght s1mu1atcrs

=

tion, utilization, and amortization are subject to various interpre-
tations, the ewidence generally 1nd1catcs s1gn1f1cant1y lower costs .
for train1ng when the simulator 15 used eFFic1ent1y in conguncticn
w1th the aircraft. 1 P

¥

° :Tra1n1ﬁg ccns1derat1ons generally favor simulators. Foremost amcnc
these are mechanical reliabitity, availability of training time, - -
compression of tpaining sequences, and freedom: from limiting factors
in the flight en ironment; e.g., safety, weather, and atrspace
congestion., ~

. Wh1lc the cost i;jfercnt1a1s between s1mu13tor and a1rcraftfconstr<c-

-

- . T =

=

Certainly, the role of thc s1mu}ator in f1lght training has been and -
continuyes to be controversial. -Debates on; this 'issue have been w1 th us for
decades, covering topics ranging from direct comparisons of the simulator _with
the aircraft to intriguing interpretations and viewpoints on: engineéring _.
design, fidelity of simulation, and transfer of tra1n1ng (sce for. cxamp]c,
references 1, 2, 3, 42 amd 5). _ -

W . ' .
It is nct the concern here tog cxam1ne‘c%ﬁ expectations, accomp11shments,.v

and disappointments that.have gontributed to ‘the curreut awareness of the g
rs:

values of flight simulators, The theme of this paper is that f%ﬁght simulat
can be employed to advantage in m111tary f11ght training both in terms of .
cff1c1cncy and effectiveness. This is p t1cu1ar1y’5c for pilot.training in ,
Targe multiengine, multipilgt aixcraft. | New state- of-the-art flight s1mu1atcr5 -
for "these. aircraft provide sufficient f4 e11ty and cgpab111ty to account for-

most training requirements.) Also, safety is not,compromised since transitioned
pilots assume less than the aircraft commander role upon operational assignment. _
In this context,-then, this paper addresses the.training of first- tour aviators _
in the P-3 aircraft ih the fleet.replacement squadron (FRS). .The p-3,"“Qcion,"

a fodr-engine turboprop aircraft, isca principal ant15ubmar1ne;warfare land- based
an‘gaft in use in the USA and in- Dti‘rcr countries.

-
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Thé Training Analysié and Evaluation Grpup (TAEG) of JWhe Chief of Naval .
-Education and Training has:been involved over a period of several years ina_
‘program concerned with the training of P-3 aircraft replacement pilots. The .

“inittative for this overall program stemmed from a growing awareness that-the
potential, of existing training resourtes in support of P-3 pilot training was -,
. not being fully realized. This, in concert with the anticipated acquisition
“of a new state-of-the-art flight simulator, indicated the need for detailed .
analyses ‘and evaluations of the training situation. S v oo
JInitial work (1972-1974) began with an. analysis of pilot training practices
and an_pssessment of training resources at the replacement squadron level. TAEG
worked dfFec¥y with Patrol Squadron THIRTY (vP-30) to -improve-the usage of
extsting raining resources i producing pilots for fleet assignments. The .
_early effokts demonstrated that in-flight training could be significantly reduced,
by the effective utilization of the existing synthetic training 'devices. One ™
outcome was the reduction of flying time fyom 24.5 hours to 15 hours, for first-
tour pilots in the Familiarization/Instrumend (FAM/INST) stage of training =
(yeferences, 6, 7, and 8). e A Lol .

e - . . | N
Concomitantly, assistance in the deve1opmé§trof,ppe specifications for -
the new 2F87F\Qperational-F+ight Trainer (OFT) was provided by TAEG in selecting.

;;qge isual simulation system and the design for instructienal control, including
t . ,

he recommendation for a syntheticvoice generation system.
In March 1976, the 2F87F OFT came on Tine; TAEG was requested to assess
the training potential of this new state-of-the-art simulator in the ohgoing P-3
. training program and tb provide inputs to the development of a. curriculum that
would capitalize on its unique cap&bilities. This paper presents’an account of .
the major ‘facet of the TAEG program, dealing with the receipt and integration of °
the 2F87F flight simulator into the_ﬁqgoinngRS training. *
S ’ \ R : : R
? PURPOSE OF THE STUDY | e
q = I | . ’ / & . o, )
The effort reported here was undeftaﬁhqitq integrate the 2F87F OFT into
the program for training replacement Sﬁtr@1ép1an3=pi1ﬂtsg The intent was to
determine the potential-of the simulator ds’a substitute enyironment for learnd _
ing aircraft. tasks and to effectively utildz the simufator in pilot training.
‘THis was in consonance with the immediate requirement of VP-30 to reduce in-
flight training time in qualifying piiots_?ﬁglassignment to operational P-3
squadrons. - B £ o : :

!

1
-

PERSPECTIVE B | ) - S
. ' N e L = -
. At the outset, it is important to recognize certain noteworthy features of
the TAEG studies. Perhaps the most '

a , ) Significant is}ébefbppontunitygthat emerged
for assessing, Ehrough transf%r stidies, the contriution of a “brand new" - e
ons1;g§, high fidelity simula

! \ or i producing qualified aviators for the ¥leet.
A'st progrant ' was tailored to adapt a specific simulator to a specific real- -
world training situation® The goal was straightforward--to efficiently integrate
the new 2F87F simylator into the ongaing VP-30 training system without.inters- ..
rupting or.delaying ﬁhe'pi]ot groductian;qgmmitTéntgg' Evaluating the'ﬂﬂteg;éai .
) : S i

- ; | ‘- P 5 T - t—» . . [ . s )
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5ggb[ef a stateEof—the-aft fﬂight simulator concurrent with-its jCCEDtaHEE by the 'y
5 Navy and in an operatiana] setting was a rafe gpportunity o
L ‘ Anuther feature -af impor nce was ‘the bpportunity to assess Systemat1ca11y “
the performance of a group of:students traired in the aircraft without simulation.
“training. This.initiative 15§§g1dom exercised 1n studies ‘conducted in-the , .
- operational environment. Training such a group contributes poyerfully to the
. understaﬁding of the value of sfmuﬁatcﬁ training, in that baseline data are
‘ prd&Tded for assess1ng s1mp13tor ﬂontr1but1ons under various. cond1tions oo
Certain accammodat1on3 had ta be made, in the. degﬁgn and conduct of the .
study duegbrﬂmar11y to the reeency of the deyice coming Ggrline and to_tbe con-
' straints associated with gathering data during, the normal%operations of the -... |
- squadron. - Beginning the study .immecriately after Device 2F87F acceptarnce Timited

}.‘-‘\ EE Voo - ) .
T ;\ ;\\ - o . . [‘ v B -
|
i
i

© the number of training periods: available, since maintenance tra1ﬂ1ng and main-
. .tenance per1ods competed for simulator time. Also, instructor inexperience ° -
B with the new OFT, subdtantial instructor pilet rotation, amd-the biases asso- = =~~~
~/ ctated with utilizing many 4nstructor pilots in evaluating student perfonnance .
“ - posed additional problems. However, prob]ems were anticipated and minimized - -
by having TAEG personnel monitor and assist in the data collection, provide i

tailed brséf1ngs and informgtion to the instructor p110t5, and standard1ze -~

p 'scoring procedures employed. Team mgmbers also rode in the simulator
and, f1ew” on student training- fiights A1l told, this "in situ" approach ,
contributed to the assurance.of h1gh1y relevant eva]uat1on5 w1th1n(:§£%ii§$b19

range Df exper1menta1 ccntro1 :

STUDY PROGRAM OVERVIEW ‘
: ~ A series of exper1menta1 stuéxés was accomp]ished between 1976 and 1978.

" These studies’ were conducted in three phases in a relatively constant training
environment: in thg VP-30 FRS. VP-30 has, aspart of its mission, the respon-
sibility for transitioning pilots to the P-3 aircraft. The squadron trains

. approximately 200 pilots per year distributed over 10 classes. ¥Most are newly

™ ' désignated first-tour Naval aviators. As a prelude to discussing the-specific

~ objectives,, procedures, and the-resultant findings of each of the three study -

VR 1ses ¥ it is worthwhile to*describe at this point features f the tfaining

' n{ext common to the overa11 effart . !;f; \%ib i
.fﬁ FAMILLARI?ATION/INSTRUMENT PHASE The stud1es were conducte& 1nsthe FAM/INST "o
phase-of instvuction. This 8- -week training phas is designed to transition '

~ résent; undergraduate£§$lgt training (UPT) graduates ~inta h% P 3 a1rcraF;

A«

TRAINING TASKS. The FAM/INST phase 1nc1uded 1nstruct10n and pf ictice in: S
~ . transition training tasks such. E{ t -offs and landings, instrymént flying,’
a

. airways. navigation,: ‘and in=flig alifunctigns and. emergencies.” The FAM/INS
« . phase:provides. training. for 45 Sks These are shown on the Universal Gra e
. Sheet (UGS) (figure 7). Tweﬁty tasks serve as the basis for the check f11
B ngihe a1rcraft These sélectéd tasks arg §1rc1éd in F1gure 1.

TRA

xf ‘ ' N
NING: DEVICES - Three ﬂ1asses af train1ng deViceg were émployed Descriptions
of ihese Fo]]ow e o0 N ! '
e .- | "y
t}\ a - “4 . -
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. hrea of gpproximately 15 by 5 nauttcal

- Jboard (figures 2, 3, 4, and 5).

A

R

. ‘ofder OFT confi

- Eock’itférocedures=¥#ainér (CPT),

., of ohe tour in an qperationai‘vpfsquadran.

. s - - i . - - ! \ ' i " " . .‘
werational Flight Trainer OFT), Device 2F87F. The recent]y- accepted. Device / ;
T simulates the f1ight stattons (p] ot, coptlot, and flight engineer) of '
p-3C aircraft. “The high fidelity digital device ‘is equippeqrwith a six -,
_ degrees of freedom motion. system and a MBrrow angle (50° horizontal by -38° x
vertical) television model board visual system. A broa wange .of ‘environmental ‘
conditions varying from full daylight color to darknesg”with variable visibility, . <
_ceilings, and wind conditions can be Si%u1§ted. _The mMod¥1 board simulates an',

Miles on'a fscﬂajgt 2,000 to 1 for the, -
Jow altitude maneuvers associated with rgkeeoff,’1anqi;g,'and instruiment
approaches. Low altitude on-top conditions are simulated electronicallyy amd

high altitude simulation is provided through the use of a high altitude model
' 5 B : - W ,

- Y

. T .
ht Tra J,DFT,A*Deyige;QEEQQ; This device is a trailerized, .
older | fgured to- the earlier Fo3A/B models. The solid state analog <o
device, which was:the principal simulator used before delivery of the 2F87F,

. - i\;“ ' ‘ X
serationd] Flight Trainer

0

~_came_into ‘the inventory late in 1966 and providas-crew of -individual training

for the pilot, copilot, and flight engineer. The® 2F69D simulates the flight
dynamics, systems, navigation, and communications functiens of the P-3 aircraft
-and provides 1imited motion,(three degrees of freedom) and environmental cues.

No visual simulation is pro&idédi o * : -

Fra , \Device 2C45.", The CPT was developed from a
modification)et an o solete P-30FT. 1he motion simulation, most of-the

. flight dynamics, and unneeded systems were removed br disabled. It provides

training in power plant management and systems pfbcedurgsf ‘ .
o ‘ e - : o Y 4 . ~
ggggpit*Fami]iarization Trainer (CFT), Device 2G23A. The CFT provides a
static gimuiation of the pilot, ccpiTot;'gnd‘F11g,i engineer positions. It is
used to facilitate the learning of the Tomenclature, locatien, and function of
the various controls, instruments, switches’ and annunciator lights.  The
device is well suited to the learning of repetitive tasks such as the sequence
of Steps in normal and emergency. procedures. ST ®

: ,Featu;es common to thegihree phéses=c? the study program are described

“STUDENTS. These were récent:g(%dﬁates of the Navy undergraduate pilet training

(UPT) program, All completed trajning -in Tight multiengine aircraft and all
had instrument ratings. f1ight§§ime ranged from 160 to 250 hours in UPT.
Experimental and control groups were equated on the basis of UPT.scores (the

average of basic Qnd‘advanced f1ight grades).

v

-

_ 7 . a 7 , 7 : J;“ ) .
g.in the Simulator and in the aircraft wal_provided by *
VP-30.#4AT1 received instruction in the operation ¢f -
~(Device 2F87F). Each instructor pi]n%,had a.minigﬂm

) oot R ;

INSTRUCTORS. A1l traini
the instructor pilots i
! tgp new flight simulator

Y -

r

4

ss*:J

PROCEDWYRE. Training was accomplished in the ‘fleet replacement squadron setting,
—ustng squadron resources-and simulator and flight syllabi. MY students in "7 "
the study program recejved common training in academics, CF1, and the CPT.

Beyond this point, students received -training in either the old 2F68D simulator

. and the P-3 aircraft, the new 2F87F simulator and the P-3 aircraft, or the

p-3 aircraft-only.
%

‘{i) B ‘!
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vice 2F87F Operational F1i ght Trainer

+ Visual Scene Final Appmaeh from
Device EFB?F Cackmt .
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prdgram was accomplished while VP-30 conducted its business as
_ sua’ feqive experimental control and standardized. dstaa£o11ec¢ion were
' math aiﬂéd by having.a team mepber(s) on site at VP-30.- This enabled TAEG to
-provide necessary guidance and suppartsta ‘the: 1nstructors conducting the
E student perfﬂrmance evaluations. PR

%

- ERADING Student perfcrmance was assessed by two methnds for ‘both s1mulater
and f1ight training. - THe conventional jgrading method used in Navy pilot;
training is referred to as the "UBAAY system, where U denotes unsatisfactory.
performance, BA below average A .average, and AA above average, Corrésponding
numerical grades are 0, 2.5, 3.0, and 3.5. This system was used to meet ’

‘gguadrcn requirements.” A proF1c1ency (P) scoring system was also used. A.
grade of "P" was assigned when performance was estimated to' be equivalent to
that required to demonstrate competence on the conventional flight check.

o - o THE STUDY PROGRAM

‘ The details of the three-phase evaluation of the 2F87F simulator are = '~
presented next. Each of the phases is described in terms of the: objec—
tives, technical’ approach, and the results.obtained. The emphasis in
each centers on the m&Y¥aj outcomes consistent with the purpose of the simula-
tor 1ntegrat10n study program. -A number of other issues and problems were
also addressed in the study program but are not reported here. The 1nterested

readef is referred te the specific TAEG publications for these details.

A «

PHASE I ‘

The. initial phase was concerned with dete$w4n1nn the training effect1ve=
ness and cost savings potential of the 2F87F simulator in combination with
the P-3 aircraft as a substitute for the then-in-use-2F69D simylator in
combination with the P-3 (reference 9). With the advent of the new 2F87F
simulator, it was expected that the number of training flights and training -
hours per student would be reduced in the FAM/INST phase. A reduction in
the number of training aircraft was also anticipated. TAEG was requested, by
VP-30 to evaluate a new four-flight (8-hour) sy]]abus used in combination
with 'the 2F87F simulator against the current six-flight (15- hour) syllabus
used’ in combination with “the older 2F69D simulator.

STUDY DESIGN. The phase I study plan is shown in table. 1.

TABLE 1. STUDY.PLAN - PHASE 1

~ControT Group T Experimental Group ]
o (N=58) e o (nN=27) o ‘
/4 periods CFT o 4 periods CFT. ’
6 periods P, - 6 periods CPT
T3 08T (2F69D) o 6 DFT“(2é§7F)
Y6 P-3 flights 4 P-3 flights "
# 8 ‘
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Subjects. The contro1 (C) graup sample was 58 students trained in 4 c]asses e
immed a,ETy preceding the phase I initiation. gh 2 data were obtained from - -
oE squadran records. The experiméntal group (E) s mp1 was 27 students traihed
in 3.classes: - Exper1ment31 and control ggoups were equated on. the basis of
average. UPT basic and advan;ed flight grades ' . :

;Tra1ning Tasks Thé 20 tra1ning (check f11ght) tasks c1rc1ed ori- the UGS
{figure T) wexe evaluated. A block. syllabus presentat1on=was utilized for
" the E group (i.e., all simulator training followed by -all air training).
Each.simulator flight was 4 hours during which the trainee time- was split
‘between the left and right seats. -In the airéraft, the C group students were -
scheduled for approximately 15 hours each in ‘the Teft seat, sihce squadron i
experience indicated this was required to complete the in-flight syllabus. o
- The E group stydents were scheduled for 8 hDurs each. -This-lesser amount was
based on the assumption -that simulator tra1n1ng woqu Subst1tute for flight « -
-.tilIlE. o . . . . “ o S . o

~Instructors. SqQadronginstructor pilots (IP) provided all tréininé in the
simulators and in the aircraft. . S .
i

Grading. Both conventional (UBAA) and proficiency (P) scoring were' employed .-
n the simulator and in aircraft flights for the E group. In the proficienty-
+ . scoring system, students were assigned a "P" for each task when it was performed
_ —~to proficiency in the simulator and again when it was perFQrmed ta proficiency. = -
4 in the aircraft.

‘RESULTS. Table 2 summarizés specific findings’of phasé I.

TABLE 2. COMPARISON OF PILOT FLIGHT PERFORMANCE IN , _,
THE NEW AND THE CONVENTIONAL PROGRAMS  ~ o

“Control Group. ~ Experimental Group

. C ~ (2F69D and P-3) (2F87F and P-3)

s SN — .__(N=58) I ( ‘27)x

.. | Average F]ighé hours per student | | 15.1 . 8.6

Averagé flight hours per student ‘.,
td” proficiency B * - 6.2
Average 1and1ngs rece1ved per I : L - ‘ -
student : . : * .- - 36
Average landings to proficiency )
per student * 17

o . E - .
Average flight grades - 3.02 3.03

. *Data not availabte, - 3 }

w1th the new S1mu1ator, f1y1ng hours per student were reduced from
- 15.7 to 8.6 hours The quality of student performance as determined by . S .
- squadron IPs using the conventional grading system was essentially the

A | 9 ~ o S
o . S : _ ilg . | o \i\a_.‘,éi
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same. Accurate records of landings were not kept for the Contro1 group, but

‘the IPs stated that each studént uniformly received an average of 60 landings -

in the aircraft to complete the sy11abus The E group received only 36
1and1ngs ‘ o .

Based on proficiency (P) grading criteria, the E group required only 6.2
flight hours to complete the FAM/INST phase. However, training was continued
beyond this to accomplish the four flights scheduled per student. Similarly,
only 17 1and1ngs were required to demonstrat& proficiency. Again, it was the
squadron decision to continue landing.practice over the fDur flights; hence,

an average of 36 Tand1ngs was received per student.

¥

Despite the instruct1on5 to the IPs that students were to be trained to

*"P" in all check tasks in th& 2F87F simulator prior to aircraft training,

this requirement was not always met. This shortcoming was turned to advantage
in that it enabled check tasks to be evaluated in the aircraft as a function
of whether they had been trained to proficiency in the 2F87F simulator.

Table 3 presents these data. A higher cumulative proportion of tasks trained
“to "P" in the simulator was judged proficient in the aircraft on Fly 1 (.76)

than the same tasks not trained to "P" in the simulator (.46). This relation-
ship held across the flights. It is clear that the training of tasks to’
proficiency in the simulator prior to flight reduces the time for these tasks
to be judged proficient in the aircraft,

TABLE 3. CUMULATIVE PROPORTION OF CHECK TASKS ON WHICH EXPERIMENTAL
_— GROUP TRAINEES WERE JUDGED PROFICIENT IN THE AIRCRAFT
N

FLY1 FLY 2 FLY3  FLY 4

Tasks trained to proficiency
in Device Z2F87F .76 .87 .94 .99

Tasks practiced in Device
2F87F but not trained to 7 .
proficiency .46 .60 .75 .96 -

PHASE 11

The imvestigation of the training effectiveness of the 2F87F simulator
continued with an examination of additional factors influencing device
ut111zat1on (referengé ID) Ba§e11ne data were obta1ned For a Drec1§e
tra1n1ng A group tra1ned in the aircraft w1thDut prev1ous 51mu1ator tra1n1nq
(flight-only group) was compared with an eguivalent qroup trained in the
simulator and in the aircraft.

STUDY DESIGN. The phase Il study plan is shown in table 4,

Subjects. The control group (C) sample was 10 students trained in 1 class;
the experimental group (E) was the experimental aroup of 27 subjects tested
in phase I.

10
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TABLE 4. . STUDY PLAN - PHASE II
\

i

Control Group (C)  Experimental Group (E)
(F1ight Only) . (Phase 1)
N=10 TN2T

4 periods CFT 4 periods CFT
7.
, 6 periods CPT  ~ o 6 periads. CPT

E

No OFT w« 6 OFT (2F87F) -

- 6 P-3 flights - 4 P-3 flights
(minimum) : '

Training Tasks. Same as .phase 1 study.

Instructors. Same as phase I study.

Gradtng. Same as phase I study.

¢

RESULTS. Tablé 5 summarizes the findings of the phase II study.

TABLE 5. COMPARISONS OF PILOT- PERFORMANCE BETWEEN FLIGHT-ONLY GROUP .
AND A GROUP TRAINED IN THE 2F87F SIMULATOR AND AIRCRAFT

o

. T “Eontrol Group ”‘Eiﬁéfiméﬁ al Group
o (€) - (E) ™S
(F]ight50n1y) (Phase I)

N=10 _ o N=27

Average flight hours ‘
per student 15.1 8.6 .

Average flight hours

per student to

proficiency : 14.2 6.2
Average landings

received per student 60 . 36

Average landings to .
proficiency per student 50 ' 1?
Average flight grades 3.01 3.03

11
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— The f11ght only group (no 2F87F s1mu1ator training) received 15.1 hours
. to -complete the syllabus, whereas 8.6 hours were required by the E group.
N This represents a 43 percent decrease in flight Hours over the flight-only
group. -It is important to note that the E group required onIy\6.2 flight
hours to achieve proficiency, whereas the.flight-only group requ‘red 14.2
hours to ach1eve proficiency.

Great emphas1s is placed on the 1and1ng task and more time 1is spent

training this skill than any other task in the syllabus. Table 5 presents
the average number of landings actually performed and the average number
required to attain proficiency, for students in each group. Based on landings
to proficiency, the experimental group required 33 fewer 1and1ngs than the
flight-only group. : : . X

. The difference between g&e C and the E group is attributable to gﬁmulator
training. The savings in time effected by 2F87F simulator training is sub-
stantial when one considers that a 1-hour reduction ip P-3 flight time per.
student in the FRS program (two squadrcns with approximately 400 student
throughput per year) yields a sav1nqs in excessﬁgf $900,000 based on an
operating cost of $2,284 per flight “hour for the P-3C aircraft (reference 11).

The flight-only group hours to cgms1ete the syllabus is identical with ,
that of the 2F69D simulator and aircraft trained group cited in phase I (15.1 /
hours). This suggests that the older 2F69D s1mu1ator as then utilized, was /
not contributing to a reductTQn in flight hours. : . //

As found in the phase I study, those tasks trained to "P" in the’ simgfator

=--had a higher probability of being. judged "P" earlier in the aircraft tharn
tasks not trained to "P" in the simulator.

Every check task trained in the 2F87F simulator transferred posifively
to the P-3 aircraft. Perhaps the most significant finding is that the
simulator was highly effective -for training landings.

In this phase of study, measures of performance were also obféined on a
substantial number of students trained by ‘the squadron w1thoutt/ﬂ9 TAEG
involvement (representing, in effect, a shakedown cruiye by the/squadron).
This was made possible by the receipt of a second ?FB?? simulator in VP-30.
With this second device on-line, the squadrcn was now dble to/broV1de 2F87F
training for all students (both first and sacond tour).

/

' Implementation of .the syllabus required an integration of 2F87F simulator
training with aircraft availability to avert queues for aircraft flights.
Data were collected 1ndependent1y by VP-30 IPs. TAEG performed the data
analyses. . t

Table 6 summarizes the results obtained from the/operational verification.

of the experimental syllabus. These are compared with the flight-only group
and the experimental group. . -

The squadron trained group (operational qroup), comprised of 39 students
in 3 classes, averaged 9.6 hours to complete the syllabus. It is noteworthy
that under squadron operational conditions the operational group required 36
percent less in-flight tra1n1ng and 22 fewer landings than the flight-only

. 12
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. group. The operat1onai group results are less dramatTC than the E group 4
compared with the flight-only group (36 percent vs. 43 percent in- FT1ght savifigs,
22 vs. 33 less’ Iand1n§s) The .differences may be due t6 a number of factors.

These 1nc1ude

‘e ' A change in student input quality (1ncreased variance in UPT
scores), : Lol

. Eég;adaticﬂ of simulator quality (maintenance DFDbjemS)QJ

. _Inéfructor turnover,

. Change in training sequence (integrated vs. block training),

. Failure to consistently train to proficiency in the 2F87F SimuTafoF;

Unfortunately, the EDEC1f1C 1ﬂpact of each of these var1ab1es is not known.

. - 0f significance was the finding fhat without the controls exercised during
formal experiments, the syllabus was 1mp1ementab1e by the squadron for fyll
~scale 0perat10n on a cont1nulnq basis.

i
i

TABLE ‘6. COMPARISONS OF PILDT PERFORMANCE AMONG‘FETGHTaDNLY GROUP AND
GROUPS TRAINED IN THE 2F87F SIMULATOR AND AIRCRAFT

) “Control Group Experimental Group OpefatiénET Group
4 (F11ght Only) (Phase 1) - (VP-30 Implemen-
. N=10 . N=27 “tation) N=39

Average flight hours .
per student 15.1 8.6 ” 9.6

Average flight hours per o
student to proficiency 14.2 s 6.2 *

Average landings .
received per student 60 36 45
Average landings to pro-
ficiency per student

LSl
]

7 28

Average flight grades 3.01 . 3.03 3.00

*Incomp?ete data

PHASE III

Phases I and Il demonstrated the positive benefits of landing practice in
the 2F87F simulator. However, due to less than exact handling characteristics
of the simulator during the final phase of landing, the VP-30 instructor
pilots were stil] not convinced that-much benefit could be gained by practicing
the final phaseg;n the 51mu1at@r In a message to the Commander, Patrol

13
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Wirigs Atlantic (5 June 1977); VP-30 stated that, "trainiy g experience in the
2F87F has revealed optimum training transfer in all & .except for ground
hand11ng phase and final landing phase. The suspectgd Tack 'of transfer in
these phases is due to overly ¥esponsive aileron con rol, lack of peripheral
vision, .poor depth perception, and poor flight §1mu1at1on when landing flaps
are 5e1eated The fact that some landing pattern training does transfer from -
the 2F87F to the aircraft is not in question. However,/ the &mount of" transfer
and the re1nforcement realized is nejther documented nor substantiated at

this time. The extent of.pilot concern coupled”With the importance of the
“Hssue led VP-30 to request that TAEG conduct a study of the final phase of .
1and1ng . -
STUDY DESIGN. The study was concernéd with landing performance as a function
of variations in landing training in the 2FB7F simulator (reference 12).
An exper1menta1 group (E) completed the 51mu1a£or syllabus but received
“landing pract1ce only to the ”se]ect Janding flap position," on the final
approach in the landing pattern o flare or touchdown practice was premided.

~ The simulator was "frozen" or a waveoff given at the select 1agd flap position
o

(approximately 300 ft. AGL). An integrated simulator and air £ syllabus
was employed. The performance of this group was compared with the performance
of two previous groups who received simulator landing practice to touchdown
and with the flight-only group who received. no *simulator tra1n1nq The study
plan is shown in table. 7 : :

\ . ,
TABLE 7. STUDY PLAN - PHASE 111
Contro1 Graups . Exper1menta1 Group
C-1 (N:f2,7)\ -2 (N=39) C-3 (N=10) E (N=19)
e = = = ',*:E — = 77’,—"'*' = "‘Ei — ; - =- = —— . =
4 CFT ’ 4 CFT » 4 CFT 4 CFT ~
6 CPT 6 CPT . 6CPT 6 CPT
6 OFT (Device 6 OFT (Device, No OFT *6 OFT (Device
2F87F) 2F87F) ‘ . - 2F87F)
4 P-3 flights 4 P-3 flights 6 P-3 flights - 4 P-3 flights

*The trainer was Fr@zeh or a waveoff initiated at the Select Land F]ap
:_ggs1t1on on the final approac h in the 1and1ng pattern.

Subjects. The experiméntaT group (E) sample was camposed of 19 students

. from 2 classes. The control groyps were: C-1 (the E group from phase

1), C-2 (the operational group from phase I1), and C-3 (the.flight-only group
from phase 11).

|

Training Tasks. Three tasks served as the basis for comparing the performance .

of the t and C groups. These were: (1) normal landinds, (2) approach flap
landings, and (3) three-engirie Tandings. . :

14
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%%\ fInsttgcﬁqf;,‘ Same as phases I_and II. ‘fif‘f C L .

Grading. Same as phases I and II.

RESULTS ry

5 * - B i
-

Table & presents the aver%ae number bf - 51mu1atar 1and1ngs and the average C

number of aircraft landings requ1red to attain proficiency for the groups’
comparéd 7 ) . >

a\\ ~ The data 1nd%zate that students who rece1véd1n0 “tMare or touchgown ‘ {if
, practice during landing Trials in, the simulator {E group) required Signifi-.
cantly more aircraft landings to attain proficiency than did students who ,
received full landing practice in_the simulator (groups C-1 and C-2). But the
E group required significantly fewer Tand1ngs than students tra1ned only ih
the aircraft (C 3 grﬁyp)
The data in table 8 Support the conclusion that practicing 1and1ng *pattern ’
airwork in the simulator trantfers*@@s1t1ve1y to landing performance in the
P-3 aircraft even when actual touchdown is not made. These dath also indicate
that greater transfer occurs when the final phase of Tanding is included in
the® simulator practice. Thus practice in the final phase of danding also
transfers to the aircraft. Th1§ transfer occurs even ‘though VYP-30 instructor
and student p11@t5 universally agreed that the -2F87F does not "handle" exactly
1ike the aircraft during the final phase of landing.

4 ’ # e —— T

/ _ TABLE 8. - AVERAGE SIMULATOR LANDINGS AND AIRCRAFT ‘ o
J LANDINGS REQUIRED TO ATTAIN PROFICIENCY . )
T Grou T 51mu1atof"’; ~ Aircraft Landings _ £
C fi_ P R ,nggjhgzi __to Proficiency, 1
C-1 (N=27) ' 28 > . 17 1
C-2 (N=39) T S o e
C-3 (N=10) -0 7 50 7 A
( - E (N=19) 23 | T 3R

*Tra1ner frozen or waveoff 1n1t1ated at Se1ect Land Flap p051t1Qn in the
landing pattern.

**E group 1S 51gn1f1cant1y d1fferent from the C- 2 and C-3 groups (D{i 05)

) and from the C-1. gycup {p<.01)

A major concern of pilots was the 11m1ted field of vigw of the rigid
model board system. They felt this reduces the training vi?ue of landing
practice in the simulator since visual cues in the per1phery are absent.
However, the belfef that a wide angle visual capability is required for
effective training is not supported by a number of research reports. For
example, in one study a Varsity aircraft was configured such that the field

of view of the pilot was-limited to 500, Land1ng performance in the aifcraft
was almost unaffected by Toss of per1phera1 yision, even under poor visibility

-
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conditions (reference~13). In another gtudy a Cessra T-50 (5m§11 twin eggine

trainer) was configured such that the 'jﬂdshie1d of the airplane was replaced

- -by’ an atuminum sheet ‘through which a periscope was installed. Ap image was

_ projected from the periscope to an 8-inch screen, with a field of view.from |
the pilot's eye of a maximum of 300 horizontally and vertically. . Both
etperienced and inexperienced pilots could make safe take-offs and landings.
by periscope using a variety of technjqﬁes and under a variety of conditiohs

- (reference 14). These aircraft data as well as the data.from this study ~
suggest the conclusion that a "wige" angle vjsual capability is not mecesgary
for effective landing. trainingy . ~ . - v 1/

: : PR A O ‘

COCKPIT MOTION AS A TRAINING VARIABLE. The 2F87F simulator aperiodically
experienced some motign system problens. This was troublesome to squadron
personnel and they voiced concern about simulator effectiveness without
platform motion. ’ -t :

) s oo . . _ 7
Accordingly, an inquiry was maaé to compare the performance of students
trained in the simuTator with and without platformmétioa, The visual system
. was used ‘as specified in the 2F87F syllabus. This e ﬁprt?zhowever, was
limited and 'the data are only suggestive. To begin with, ghe number of
students in the expérimental sample is small and all did not receive advanced
UPT in the same aircraft type. Some were tfained in the T-44 twin turboprop

. aircraft; others in the S-2 ‘twin reciprocating -engine aircraft. In addition,

" there was after the fact evidence of departure from the study design in that

an undetermined Jpumber of E group students receivedégome training trials with

the motion system engaged %gen it should have been &ff. Nevertheless, the
findings are considered to de of Sufficief? interest to multiengine pilot

training .communities to be rggdrted here. ’ o

e

Table 9 shows the stucy plan. i ' N—
TABLE 9. STUDY PLAN - EFFECTS OF PLATFORM MOTION
., ; ,
“Control Group T Experimental Group
C(N=39) - CENE) ‘

/ 4 CFT ' 4 CFT
L 6 cPT 6 CPT N

6o | 6 OFT* g

4 p-3 flights - 4 pP-3 flights
., *Cockpit motion system off. o ) ;
e L ‘ 2 . ) :i;;;

The experimental group consisted of 11 students from 1 cla$s.® Six of
these received the new UPT curriculum with advanced flight training in the T-44
aircraft. The control group was the Operational group, in the phase II study.
A1l C group students and five from the E group receivéﬁ advanced flying train-~
ing in the S-2 aircraft. The E and C groups completed the same -simulator and .
flight syllabus. : \ P

6 .
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. The limited data show mo major effects 1in s1mu1a',r or aircraft performar )
as a function:of" p]atform motion in the simulator. ryals: to proficiéncy in
the-aircraft for (1)’ four-engine aborts, (2) three- eng1ne aborts; (3) instwu

ment tasks, (4) landing¥, and (5) engine failure after. refusal were not- "
significantly affected by previpus siqulator tra1n1ng§w1thout cockpit motion. =
One exp1anat1cn for this is that for contact tasks motion cues prSVTdéd by .,
-the v15u§; scene were’adequate for tkaqn1ng Hse of the th1oﬁ system, :
however, , greatly 1ncreases accebtance.ﬁf Dev1ce:2F87F by both ins tructars and
StudentsL T LT (%a T _“,,__~
. , . R * PR ! = . ¥ ) St b . .
. l‘ _"‘ v CONCLUEIDNS v ; | - \

The 2F87F =1mu1ator is an éffect1ve substitute for, the P-3
, aircraft in'th trans1t1gngtra1n1ng gfsp11ots F1eet place=
ment pilot trajning in- %11qht hours were reduced-. from§$§ 1.t0 .. 74

8.6 through efifective employmenty of the simlilatom, Based on the i
findings over the period Of the*TAEG studies; VP-30- madé adjust- .
ments to its program. Currently, the Squadrgn eﬁﬁioy? a 9.5- haur
flight syllabus for first-tour aviators in the FAM/ INST- Dhase

. This -translates to about a $5 million annua? sav1ngs in tra1n1nq

\* costs for the two FRSs. :

;‘?_ Perf@rmdnce int the 2F87F. f1mu1ator 15 predictive of 1ater
perfarmance 1n the aircraft.

L H
y L o
? . Tra1n1ng tasks to prﬁf1c1encyé1ﬁ the simulator prior to aircraft
- training significantly reducest the’;1me required er students to

< become prof1c1ent in the aircraft.

e Landing tra1n1ng in the simulator dramat1ca11y reduced the
~. landing practice raqbired in the aircraft. ~This.was most ‘
profiinént when block simulator 1n5truct1on was~given prior to
. aircraft tra1n1ng : \
» - .
e . The narrow field of view visual system prévﬁaed adequate cues !
for training the landing task. ; ,

. Based on the Timited evidence, platform motion did not appear
be essential for effective training in the 2F87F simulators
- However, pilot acceptance of the device is enhanced by use

{ the motion systfem

Undcubted1y, new state-of-the-art simulators will have a 5a1uta'y
! .effect on training programs. However, the specific contributions can only
be determined through a systematic program 1n§§grating the simulator into
the ongoing training. The effectiveness of a néew simulator should be assessed -
in the specific training-envjronmept in which it is placed. To insure the ,
effective integration of a new simulator into an onqoing.tra1n1nq program, ‘
. N certain controls are required. The$e 1{§1ude (a) effective ‘employment of
- training assets that match media capabiTities with training tasks, (b) stand-
; ardization of instructional practices and grading criteria, (c¢) instructor
, training ip the capabilities and use of synthetic trainers, and (d) continuity
in the maragement of training.
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\57 : ‘TbADtai%Jfgedba&’op the ‘efficacy of the FRS trainingedescribed- in this.

paper, a.d2-item questionnaire was submitted to opetational -P-3 squadrons
f‘ggzguestihge?n?ormatiax\ 1 students who participated in #he TAEG studies. (both~
.~ control and experimental groups).. The squadrons indicated a general satisfac-
L tingﬁwithythe'VP;Bj tri;nigg prognaﬁ.;_they*r;pgrted no.differences in overall.

7t FLEET FEE

. = performance’or in perfornance for instrument tasks and. 1andings between _

"N students who received .the conventional 15.7 flight hours and those who received
© .. '2F87F trainihg and 1€ss|flight hours in the-FAM/INST phase. = # = - x
o, POST NOTE = = . L . g

i -

N

NN Within the ‘theme oFlfntegrating theJZEQ?F irto ,the repTacement‘piﬁati
trajningzgrogrém, additianal issues possibly influencing training outcomes
weré investigated? The flindings”are worthy of*note. : -
H1e® RISK MANEUVERS. The TAEG analyses of existing P-3 FRS training (references

8 and 9) ‘indicated a corisiderable emphasis on the training of emergencies and
high: risk manedvers in the aircraft. 'The requirement for this type of training
for first-tour)aviatorsrin the FAM/INST phase was examined in terms of relevance
and safety, dAnalysis of the P-3 aircraft mishap data requested .from the Naval

Safety Center indicated that the incidence of some high risk tasks was infre-~
quent in operggtonal flying. The extensive datasindicated that for certain

, tasks,\mighaQSéoccurringgduringAtraiﬁing sybstantially exceeded the operational
occurrences. This.information,:counled with demonstrations that these tasks

could be trained in the simulator, cohtributed to the decision to-remove a.

number of them from the flight syllabuss:-

y & = N s i . . ] | .
ADDITIONAL CORRELATES OF PERFORMANCE RELEVANT=TO-FRS PTLOT PRODUCTION. Three
.1asses of relationships were examined which presumably influenced the effective-
ness of the FAM/INST phase of trgihing. These were: : " i
. F]igﬁt hours and F1i§ht grades in UPT and gubséquent EerFormance
® in FR%, ’ : :

. Pérfafmance in the 2F87F simulator and subsequent performance in the
air, :

o, Conflict of visual and motion cues.

Concern over earlier significant reductions in UPT flight hours, coupled
with increased substitution‘of simulator time:for flight time at the FRS,
resulted in a VP-30 message to Commander, Patrol Wings Atlantic, suggesting
that the optimum simulator/f1ight mix may reqlire assessment. This prompted
TAEG to examine the relationships hetween student performance in undergraduate
pilot training and later performance in the fleet readiness squadron, and
‘between UPT flight hours and UPT performance scores. ST

An inverse relationship was found between UPT flight grades and flight
hours upon graduation--the greater the number of flight hours required to.
complete UPT, the lower the average flight grade. This relationship held for
total UPT flight hours to graduate and subsequent performance in VP-30.’

18 ‘
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'Tab1e E; presents dafeage 59 etudente comparing their perfermenee in UPT with
subsequent performance in VP-30 (reference 10). The results ind¥cate that
basic and advanced UPT flight scores are valid pred1c drs of Subsequent .
perfehnaﬂce in VP-30. . /oy ?&,n»;
) - iiﬁ.ﬁ;f

ot o g,e T AR : '
A ~ TABLE -10. -COMPARISONS OF UPT Pl Foemagfr AND ve—eeg-eERm’RMANcE
_ ’ FOR FIFTY-NINE FTRST*TDUR STUDENFSPJ-;i' ‘ 4
' ! * - [ L!; ) E -

I

UPT Flight Average_  Average ueT Fﬁygh-t Hg‘ljrs," . UP-30 %F’tht Grade Average:|

: 50 ' : I { o VG L .,
e | >59 | 197 ( 3 3.05,3; |
) 50-50 | © o203 G 3.04 T
i A ' ,,f, ; )
). <50 218 I, 9ok
UPT flight average vs. UPT flight hours .  -.59*, {

DPT flight average vs. VP-30 flight average .50**

} UPT flight hours vs. VP-30 flight average  -.29*
xp =&.05 e
*x p =& 0]

. The 1mport§ﬁ%e of etta1n1ng proficiency in thg flight simulator on each
task prior to training in the aircraft (see table 3) suggested the need to
examine the eezge1at1enf between performance in the simulator and later per-
formance in thehaircraft. A significant positive correlation was found
between s1mu1etér performance and later performance in the aircraft, and
between performance on specific instrument tasks and Tater performance in the
aircraft (table 11) These f1nd1nqe suggest that student pErFormanee in the
aircraft can be pred tted~wi{th some certainty based on performance in the
simulator. It is not an efféstive training strategy to take a student to the
aircraft until he has attained proficiency in most or all tasks in the simu-
lator. These findings augur well for the development of prescr1pt1ve training
streteg1es A course of instruction can be tailored to the student having
trouble in the simulator that will enhance his ability to benefit from training
in the aircraft.

The addition=~of visual simulation to high fidelity flight simulators has
produced instances of physiological discomfort during and immediately after
training in the device. This has presumably resulted from cue conflict when
visual motion cues are present in the absence of cockpit motion cues. During

_ the series of TAEG studies, several instances of nausea and general disorienta-

~ tion were reported when the visual syete@ was operative while the cockpit motion
system was off, Consequently, the issue of motion sickness relating to
simulator tre1%1ng was examined (reference 12).
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) TABLE T1. CORRELATION OF SIMBLATOR PERFORMANCE
*~ AND-FLIGHT PERFORMANCE

: A .
VP-30 simulator average vs. flight average - .46*

Performance in the simulator on instrument
tasks vs. performance in the P-3** .B5*

=

* p =05 . .
** Instrument tasks include holding, precision, and non-
precision approaches and instrument procedures.

A motion sickness questionnaire developed by the Naval Aerospace Medical
Research Laboratory (NAMRL) was employed. The questionnaire was administered
to students and instructors of two classes: One class (N=26) received
simulator training without cockpit motion; the other class (N=21) received
simulator training with cockpit motion- Based on student and instructor
responses on the motion sickness questionnaire, simulator training with and
without cockpit motion produced little evidence of motion sickness either
during or after simulator flights. .
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